###### Strengths and limitations of this study

-   This is the first study to investigate regional variations in stroke outcomes using real-world hospital discharge data from 1276 tertiary hospitals in China, involving \>1.8 million inpatients diagnosed with stroke.

-   The detailed analyses provided important insight into the geographic and hospital variations in stroke outcomes, which may be helpful in promoting the appropriate use of endovascular therapy (EVT) and reducing unnecessary variations in treatment for ischaemic stroke (IS) patients.

-   The analysed data were derived from an administrative database which lacks clinical information, restricting the clinical analyses of potential risk factors for hospital mortality rates and EVT use for IS patients.

Introduction {#s1}
============

Stroke is the second leading cause of mortality and the second most common cause of long-term serious disability globally.[@R1] It was also the leading cause of death and adult disability in China, where 1.8 million people died from stroke in 2016, accounting for nearly one-third of the global deaths from stroke.[@R3] China was estimated to have the highest incidence of stroke worldwide, with \>12.4 million stroke survivors ≥40 years of age in 2016.[@R3] The stroke burden in China is excessively increased in line with most other countries of the world,[@R6] and continues to increase due to the ageing of the population and an increasing prevalence trend of risk factors.[@R7]

Stroke prognosis varies substantially among patients, and has many potential causes, including diversity in sex, race, age, stroke subtype, comorbidity and treatment strategy.[@R8] Over the last decade, developments in endovascular therapy (EVT) (such as intra-arterial thrombolysis and mechanical thrombectomy) have brought about promising new prospects for treating acute ischaemic stroke (IS),[@R12] especially when intravenous thrombolysis is contraindicated or has failed. The frequency of EVT use has increased substantially in China, but varies by region, such as between rural and urban areas, partly because of inconsistent medical development and economic levels.[@R13] However, previous studies have used data from specific regions[@R10] or selected hospitals.[@R14] Therefore, identifying the determinants of hospital mortality rates and EVT use among IS patients is likely an important step in developing targeted interventions to improve access to EVT and reduce mortality rates. Accordingly, a nationwide investigation using representative samples is needed.

Since 2013, the National Health Commission (NHC) of China has collected hospital discharge data. In the present cross-sectional study, hospital discharge data from 2015 were used to investigate how geographic and hospital characteristics are linked to hospital mortality and EVT use for IS inpatients in tertiary hospitals in China.

Methods {#s2}
=======

Data source {#s2a}
-----------

The study data used herein were derived from the Nationwide Hospital Discharge Database (NHDD)[@R15] operated by the Center for Health Statistics and Information, the NHC of China. The centre had audited the data, which were also double-checked and deidentified before any further authorised use. The NHDD was accessed remotely with permission and data was analysed in an anonymous manner.

Summarised information about hospitalised patients is collected routinely from all secondary hospitals (with numbers of beds between 100 and 500) and tertiary hospitals (with over 500 beds), except for traditional Chinese medicine hospitals, national hospitals, army hospitals and hospitals located in Tibet. This information is imported into the NHDD every 3 months via a private network interface. The information includes patients' demographics, medical insurance status, source of hospital admissions, length of hospital stay, discharge deposition and diagnoses and procedures.

Study design and population {#s2b}
---------------------------

For very few secondary hospitals are able to perform EVT, only data from tertiary hospitals were used in the present study. We exported data from all 1 854 443 hospitalisations discharged from 1276 tertiary hospitals between 1 January 2015 and 31 December 2015, with a primary diagnosis of stroke (identified using the International Classification of Diseases 10th Revision (ICD-10) codes I60--63, I66 and I67.8).[@R16] To restrict our study to a typical adult stroke population, we excluded 8426 hospitalisations involving those aged \<18 years. We excluded 3027 records with missing survival status, and 16 658 with length of stay of 0 day (as they may not reflect a stroke diagnosis) or ≥180 days. The final study sample therefore included 1,826,332 distinct hospitalisation episodes.

Outcomes {#s2c}
--------

The primary outcome of interest was hospital mortality, defined as the in-hospital case-fatality rate for patients hospitalised with stroke. Death information was obtained from the discharge deposition field. We also calculated the admissions per 10 000 resident population in each of the geographic regions using the total resident population of that region reported in the *China Statistical Yearbook 2015*.[@R17] The secondary outcome was the use of EVT, including intra-arterial thrombolysis, mechanical thrombectomy, stent implantation and balloon angioplasty, identified by the International Classification of Diseases Clinical Modification 9th Revision codes 99.10, 39.74, 00.63--65 and 00.61--62 in any of the primary and secondary procedural fields.[@R18]

Patient and hospital characteristics {#s2d}
------------------------------------

Patient characteristics included sex, age (grouped into 18--59, 60--69, 70--79 and ≥80 years[@R20], taking the sample balance into consideration), source of hospital admission (emergency department, clinic and referral) and diagnostic correctness (identified by the agreement between diagnosis at admission and primary diagnosis at discharge). Medical insurance status (urban employee basic medical insurance (UEBMI) for urban employees and retirees, urban residents basic medical insurance for urban non-employees, new rural cooperative medical scheme for rural population and others) was also included as a potential patient factor, which may impact the choice of hospital and the affordability of a certain treatment. Stroke was categorised into three main subtypes: subarachnoid haemorrhage (SAH), identified by ICD-10 code I60, intracerebral haemorrhage (ICH) by I61 and IS by I63.[@R6] We also calculated the Charlson Comorbidity Index (CCI)[@R21] for each patient, using the adaptation to predict in-hospital or short-term mortality.[@R22] This index is based on the presence or absence of 17 different kinds of conditions during the primary hospitalisation, which includes disorders such as renal disease, liver disease, pulmonary disease, diabetes mellitus, peripheral arterial disease and cancer. Clinical conditions within the CCI system were identified using ICD-10 codes in any secondary diagnosis field.[@R24] The higher the CCI score, the heavier the severity of the comorbidity. A CCI score of zero indicated the absence of any Charlson comorbidity.

The hospital characteristic included in this study was hospital level. Tertiary hospitals are accredited into levels A (higher level) and B (lower level) by national health authorities according to their service, management, technology, equipment and so on. This information was obtained from hospitals' official websites. We also identified the hospital's location. There are six administrative regions in mainland China: North, Northeast, East, South, Southwest and Northwest. The study populations were very small in the Southwest and Northwest; therefore, those two regions were merged into 'West'. The entire country was thus divided into five geographic regions in this study.

Statistical analysis {#s2e}
--------------------

Statistical analyses used IBM SPSS Statistics V.23.0. Patient and hospital characteristics were compared among geographic regions using one-way analysis of variance for scale variables, Pearson's χ^2^ test for nominal variables and the Kruskal-Wallis test for ordinal variables. Hospital mortality rate was also adjusted for age because of the considerable differences in age among the five geographical regions, where the age constituent in the North was used as the reference. P\<0.05 was considered statistically significant.

More detailed analyses were conducted on IS patients in this study because that the vast majority of the stroke patients were ischaemic, and the most important that there were available and accessible therapies to benefit these patients. To explore associations between geographic regions and hospital mortality, we used multivariable logistic regression analysis, controlling for patient characteristics (age, sex, medical insurance status, source of hospital admission, diagnostic correctness and CCI score) and hospital characteristic (hospital level). We also performed similar analysis to examine the associations between geographic regions and EVT use. Adjusted ORs with 95% CIs were used to report the results of multivariable logistic regression analyses.

Patient and public involvement {#s2f}
------------------------------

Patients and the general public were not involved in this study.

Results {#s3}
=======

Overview of the study population {#s3a}
--------------------------------

We identified a total of 1 826 332 hospital admissions for adult patients with a primary diagnosis of stroke from 1276 tertiary hospitals. Among them, 27.2% and 26.6% were from hospitals located in the South and Northeast, respectively, while less than half of the above patients (12.3% and 12.6%, respectively) were from hospitals in the West and North. Of note, admissions per 10 000 resident population in the Northeast were the highest among the five geographic regions, which was almost fivefold those in the West (44.2 vs 7.6; [figure 1](#F1){ref-type="fig"}).

![Hospital admissions of stroke in the five geographic regions. Numbers displayed inside the map were admissions per 10 000 resident population in each region, and the sizes of the orange dots are proportional to the number. The figure was drawn by using the Tableau V.10.4 software with its built-in map of China.](bmjopen-2019-029079f01){#F1}

The nationwide proportions were 79.1%, 15.5% and 3.4% for patients with IS, ICH and SAH, respectively. There were also statistical differences in the constituent ratio of stroke subtype among geographic regions (p\<0.001; [figure 2A](#F2){ref-type="fig"}). There were a total of 30 631 (1.68%) deaths during the hospitalisation stay. The crude nationwide hospital mortality rates of SAH, ICH and IS were 4.34%, 5.15% and 0.88%, respectively. These varied significantly among geographic regions, with the highest rates in the Northeast (8.11%, 9.04% and 1.24%) and the lowest in the East (2.19%, 2.73% and 0.56%) (all p values \<0.001; [figure 2B](#F2){ref-type="fig"}).

![Characteristics of stroke inpatients in the five geographical regions. (A) Constituent ratio of stroke subtype. (B) Crude hospital mortality of patients with subarachnoid haemorrhage (SAH), intracerebral haemorrhage (ICH) and ischaemic stroke (IS).](bmjopen-2019-029079f02){#F2}

Basic characteristics of IS patients {#s3b}
------------------------------------

We identified a total of 1 443 894 hospital admissions for adult patients with a primary IS diagnosis. A predominance of male inpatients was seen in all five regions. The age constitution varied significantly among regions (p\<0.001); patients in the North were the youngest on average. Those in the North and South were more likely to have severe comorbidities than those in other regions. There was significant variation in the proportion of admissions from tertiary level A hospitals (range: 64.9%--72.6%) across geographic regions (p\<0.001; online [supplementary table S1](#SP1){ref-type="supplementary-material"}).
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Hospital mortality of IS patients {#s3c}
---------------------------------

The nationwide mortality rate of IS patients was 0.88% (95% CI 0.86% to 0.90%), ranging from 0.56% in the East to 1.24% in the Northeast. After being adjusted for age, they still varied significantly among regions (p\<0.001), ranging from 0.48% in the East to 1.22% in the Northeast ([figure 3](#F3){ref-type="fig"}).

![Regional variations in crude and adjusted hospital mortality following ischaemic stroke. Hospital mortality rate was adjusted for age with the age constituent in the North as a reference.](bmjopen-2019-029079f03){#F3}

After controlling for other potential factors, we found a strong association between the geographic region and hospital mortality risk of the IS patients with the lowest risk in the East. Inpatient mortality was also linked to the hospital level, with a higher level indicating a lower mortality risk. Patients admitted from the emergency department had a higher mortality risk than those admitted from the clinic. The incorrect diagnosis at admission suggested a higher death risk in hospitals than the opposite. Other risk factors were older age, severer comorbidity and having UEBMI as the main medical insurance ([table 1](#T1){ref-type="table"}).

###### 

Factors associated with hospital mortality for patients with ischaemic stroke

  -----------------------------------------------------------------------------------------------------
                                            Hospital mortality, n (%)   OR\                   P value
                                                                        (95% CI)              
  ----------------------------------------- --------------------------- --------------------- ---------
  Geographical region                                                                         

   East                                     1662 (0.56)                 1                     

   North                                    1468 (0.78)                 1.29 (1.20 to 1.39)   \<0.001

   Northeast                                5175 (1.24)                 2.37 (2.23 to 2.52)   \<0.001

   South                                    2816 (0.73)                 1.25 (1.17 to 1.33)   \<0.001

   West                                     1587 (1.02)                 1.65 (1.54 to 1.78)   \<0.001

  Hospital level                                                                              

   Tertiary level A                         9052 (0.91)                 1                     

   Tertiary level B                         3656 (0.81)                 1.05 (1.00 to 1.09)   0.031

  Age (years)                                                                                 

   18--59                                   1815 (0.46)                 1                     

   60--69                                   2314 (0.55)                 1.15 (1.08 to 1.23)   \<0.001

   70--79                                   3798 (0.96)                 1.92 (1.81 to 2.03)   \<0.001

   ≥80                                      4769 (2.03)                 3.81 (3.59 to 4.03)   \<0.001

  Source of hospital admissions                                                               

   Clinic                                   4789 (0.61)                 1                     

   Emergency department                     6817 (1.39)                 2.24 (2.15 to 2.32)   \<0.001

   Referral                                 618 (0.76)                  1.10 (1.00 to 1.20)   0.040

  Sex                                                                                         

   Female                                   5296 (0.91)                 1                     

   Male                                     7389 (0.87)                 0.97 (0.93 to 1.00)   0.075

  Diagnostic correctness                                                                      

   Correct                                  7650 (0.81)                 1                     

   Incorrect                                4746 (1.10)                 1.12 (1.08 to 1.17)   \<0.001

  Charlson Comorbidity Index score                                                            

   0                                        4874 (0.62)                 1                     

   1                                        3830 (0.90)                 1.37 (1.31 to 1.43)   \<0.001

   2                                        1977 (1.38)                 1.93 (1.83 to 2.04)   \<0.001

   3                                        1088 (2.04)                 2.74 (2.56 to 2.94)   \<0.001

   4                                        514 (2.88)                  3.65 (3.31 to 4.02)   \<0.001

   ≥5                                       425 (3.87)                  5.05 (4.54 to 5.62)   \<0.001

  Medical insurance status                                                                    

   Urban employee basic medical insurance   6381 (1.11)                 1                     

   Urban resident basic medical insurance   1768 (0.96)                 0.88 (0.93 to 0.93)   \<0.001

   New rural cooperative medical system     1030 (0.33)                 0.39 (0.37 to 0.42)   \<0.001

   Other                                    3529 (0.96)                 0.88 (0.84 to 0.92)   \<0.001
  -----------------------------------------------------------------------------------------------------

EVT use for IS patients {#s3d}
-----------------------

A total of 6480 EVTs were performed. The nationwide EVT use rate was 0.45% (95% CI 0.44% to 0.46%), and differed significantly among geographic regions, with the lowest of 0.13% in the Northeast and the highest of 0.81% in the North. Among four main kinds of EVT, stent implantation was most popular, where the use rate (0.30%) was even higher than the sum of those for the other three kinds of EVT ([figure 4A](#F4){ref-type="fig"}). A considerable number of IS patients received two or more kinds of EVT, and the most popular EVT combination was intra-arterial thrombolysis and stent implantation. More than three-quarters of IS patients in the East underwent stent implantation (alone or combined), which was almost twice the proportion in the Northeast ([figure 4B](#F4){ref-type="fig"}).

![Endovascular therapy in the five geographical regions. (A) Rates of four different therapies used. (B) Constituent ratio of different therapies.](bmjopen-2019-029079f04){#F4}

Hospital level was an associated factor for EVT use; that is, more patients with IS admitted to hospitals of a higher level intended to receive EVT. Older patients tended not to receive EVT except for patients aged 60--69 years, whereas male patients with IS were more likely to receive EVT than females. Other potential factors contributing to a more frequent use of EVT included admission from the emergency department, moderate comorbidities and having UEBMI as the main medical insurance ([table 2](#T2){ref-type="table"}).

###### 

Factors associated with EVT use for ischaemic stroke patients

                                            EVT use, n (%)   OR (95% CI)           P value
  ----------------------------------------- ---------------- --------------------- ---------
  Region                                                                           
   East                                     1605 (0.54)      1                     
   North                                    1523 (0.81)      1.23 (1.14 to 1.33)   \<0.001
   Northeast                                548 (0.13)       0.22 (0.20 to 0.24)   \<0.001
   South                                    2276 (0.59)      1.02 (0.95 to 1.09)   0.635
   West                                     528 (0.34)       0.64 (0.58 to 0.71)   \<0.001
  Hospital level                                                                   
   Tertiary level B                         900 (0.20)       1                     
   Tertiary level A                         5580 (0.56)      2.62 (2.43 to 2.83)   \<0.001
  Age, years                                                                       
   18--59                                   2259 (0.58)      1                     
   60--69                                   2447 (0.58)      1.04 (0.98 to 1.10)   0.197
   70--79                                   1554 (0.39)      0.73 (0.68 to 0.78)   \<0.001
   ≥80                                      218 (0.09)       0.17 (0.14 to 0.19)   \<0.001
  Source of hospital admission                                                     
   Clinic                                   3143 (0.40)      1                     
   Emergency department                     2872 (0.58)      1.54 (1.46 to 1.62)   \<0.001
   Referral                                 194 (0.24)       0.91 (0.78 to 1.06)   0.214
  Sex                                                                              
   Female                                   1512 (0.26)      1                     
   Male                                     4966 (0.58)      2.00 (1.89 to 2.13)   \<0.001
  Charlson Comorbidity Index score                                                 
   0                                        3241 (0.41)      1                     
   1                                        2176 (0.51)      1.17 (1.10 to 1.23)   \<0.001
   2                                        711 (0.50)       1.15 (1.06 to 1.26)   0.001
   3                                        230 (0.43)       0.97 (0.84 to 1.11)   0.631
   4                                        80 (0.45)        1.00 (0.79 to 1.27)   0.999
   ≥5                                       42 (0.38)        0.79 (0.56 to 1.10)   0.156
  Medical insurance status                                                         
   Urban employee basic medical insurance   2526 (0.44)      1                     
   Urban resident basic medical insurance   786 (0.43)       1.01 (0.93 to 1.10)   0.863
   New rural cooperative medical system     1333 (0.42)      0.87 (0.81 to 0.93)   \<0.001
   Other                                    1835 (0.50)      1.17 (1.10 to 1.24)   \<0.001

EVT, endovascular therapy.

Discussion {#s4}
==========

In this large-scale, cross-sectional study, the NHDD was used to investigate hospital mortality for stroke patients as well as EVT use for IS inpatients discharged from 1276 tertiary hospitals in China in 2015. The NHDD is quite similar to the Nationwide Inpatient Sample (NIS) database in terms of structure, contents and coverage. The NIS database was sponsored by the US Healthcare Cost and Utilization Project, and has been widely used in \>3600 observational studies on hospitalisation characteristics.[@R25] However, very few studies have used NHDD data.[@R15] We first drew on this data source for a large observational study on stroke in China. This study investigated variations in hospital mortality in stroke patients among five geographic regions, and offered an in-depth analysis on the potential risk factors of hospital mortality and EVT use for IS. The results of this national study based on routinely collected discharge data can provide a better understanding of these variations in order to promote an appropriate use of EVT and further improve the outcome for IS patients.

In this study population of over 1.8 million inpatients with stroke, \>1.44 million (79.1%) were with IS. This aligned with another study on Chinese population in which IS accounted for 77.8% among prevalent stroke,[@R26] and another study on population from some developed countries, wherein up to 67.3%--80.5% of stroke cases were attributed to IS.[@R27] This proportion of IS patients varied substantially among geographic regions, with the highest (86.2%) in the Northeast. The national hospital mortality rate of stroke was 1.68%, wherein patients with ICH showed higher mortality than those with SAH and IS. This is partly due to ICH patients were usually accompanied with cerebral oedema and intracranial hypertension and some severer complications such as cardiovascular disease, stress ulcer and lung infection than IS patients.[@R28] We further found substantial differences in hospital mortality rates of stroke inpatients among regions. Of note, patients in the Northeast consistently had the highest mortalities in terms of the overall stroke and each subtype of stroke (ie, ICH, SAH and IS).

Our detailed analyses conducted on data for IS patients showed regional differences in hospital mortality and EVT use were substantial. Several factors may contribute to this. First, differences in hospital mortality may be mainly due to the differences in lifestyle and inconsistent medical development and economic level among the regions. It was reported that the patients from northern China (including the Northeast and North regions in this study) tended to consume more alcohol and smoke more cigarettes, and were more likely to have family histories of stroke, cerebral ischaemia and heart disease, as well as higher body mass index.[@R30] This is one of the potential explanation for why both the crude and age-adjusted hospital mortalities in the Northeast were the substantially highest among the five regions. Additionally, differences in the use of preventative therapy, control of vascular risk factors and the advances in acute stroke care among geographic regions may also contribute to the variation of hospital mortality.[@R31]

In China, tertiary hospitals are usually comprehensive or general hospitals at the city, province or national level, providing specialised medical and health services to the surrounding areas. Based on the institute size and medical management, technology and quality, they are further subdivided into levels A and B.[@R27] Tertiary level A hospitals may be larger and more organised, and have more resources and support necessary for providing an early recognition, accurate diagnosis, targeted therapy and a continuous high level of care to stroke patients.[@R13] There were increasing evidences that high-volume and high-level hospitals tend to have relatively higher success rates for EVT,[@R32] which may improve survival for IS patients. Therefore, it was not surprising to find that level A hospitals were generally associated with a higher rate of performing EVT, along with a lower mortality for IS patients.

Apart from the hospital level, correct diagnosis at admission, and therefore timely treatment provided by experienced doctors, were also important towards the survival of stroke patients. Patients with IS presenting to the emergency departments over 3 hours after onset of symptoms reportedly had a higher incidence of hospital mortality than those presenting within 3 hours.[@R5] Our findings also suggested that incorrect diagnosis of patients at admission led to a higher mortality risk because of the possible delay in providing effective treatment. In our study population, there were substantial geographic differences in both proportions of patients admitted at a tertiary level A hospital and those who were admitted with a correct diagnosis. These may contribute to the regional disparities in overall hospital mortality rates. Moreover, IS patients presenting to emergency departments possibly have much more severe complications than those presenting to clinics, leading to an increased mortality.[@R34] However, once diagnosed with IS, the patient was more likely to be offered EVT.[@R32] This may further introduce geographic differences in hospital death rate and EVT use, because the proportion of patients admitted from the emergency department also varied considerably among geographic regions in this study.

Age is another potentially important reason for the regional variations in hospital mortality rate and EVT use. Our study, like others,[@R11] reported higher stroke hospital mortality and lower EVT use in older patients, especially in patients at age of ≥80 years who were not eligible for thrombolysis treatment.[@R37] This was probably due to severer comorbidities and more difficult catheterisation of older patients,[@R8] along with relatively higher rate of death and disability associated with EVT. The higher proportion of older patients in some regions may therefore be connected to the higher overall hospital mortality rates and lower overall frequency in EVT use in those regions. Differences in patient characteristics, such as the severity of common comorbidities and medical insurance status, are other potential reasons for regional variations in hospital mortality rate and EVT use.

Although our study showed a higher rate of death was usually accompanied by less frequent use of EVT among IS patients, especially in the Northeast and West, it remains unclear whether the outcomes of IS patients treated with EVT are better than those who undergo no treatment. This is because other changes in practice, such as better patient selection, more technical expertise and better periprocedural care, may also explain some improvement in clinical outcomes.[@R38]

Limitations {#s4a}
-----------

A major limitation of this study is that the analysed data did not consist of clinical data, which restricted the clinical analyses of potential risk factors for mortality rates and EVT use for stroke patients. Some information about the exact time, such as when patients arrived at the hospital and had the first medical contact were also unavailable. These factors are important for doctors to choose the most appropriate treatment for IS patients. Additionally, some severely ill patients may have stopped treatment and been discharged alive from hospitals to die at home, or because they could not afford to remain in the hospital. The survival status for these patients was uncertain, and could result in an underestimation of mortality.

Conclusion {#s5}
==========

More than 1.8 million inpatients diagnosed with stroke were investigated in this large, nationwide study of hospitalised patients. We observed considerable disparities in hospital mortality and EVT use for IS patients admitted to tertiary hospitals across China. These disparities were linked to the geographic locations and hospital characteristic. More work at the provincial, regional and national levels is needed to develop targeted interventions for reducing disparities and unnecessary variations, improving access to effective health technologies, enhancing the overall quality of stroke treatment and care and ultimately improving stroke outcomes.
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